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Page  178. 


THE  STITISTICAL  THBCBT  CP  THE  SCALE  PACTOE. 


t.  A.  Kontocova. 


Introduction. 

At  these  experiaental  conditions  the  so-called 
ductile-to-brittle  transiticn  teaperature,  i.e.,  the  tenpecature, 

which  corresponds  to  the  transition  of  crystal  saterial  fros  brittle 
state  to  plastic,  is  deternined  first  of  all  by  the  value  of  its 
brittle  strength. 


Recall  that,  according  to  Joffe's  circuit,  the 
ductile-to-brittle  transition  teaperature  is  the  abscissa  of  the 
point  of  intersection  of  the  curve,  which  characterizes  the 
teaperature  dependence  of  yield  point,  with  the  straight  line  whose 
position  on  this  sane  diagraa  is  deternined  by  the  nunerical  value  of 
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tcapecator* 

More  detailed  expeciaeatal  research  oa  the  coadltioas  of  the 
eaergence  of  the  brittle  state  of  real  crystals  shosed,  hoeever*  that 
the  position  of  doctile-to-brittle  transitica  teaperature 
significantly  depends  on  the  rate  of  the  strain  of  specisen/sa spies. 

By  a series  of  the  researchers  establlah/lBStalled  that  an 
increase  in  the  rate  will  entail  increase  Sianltaaeously  it 
tamed  oat  that  the  aaterial  can  be  transferred  into  "brittle"  state 

also  at  constant  teaperatare  of  ezperiaent  becaose  of  an  increase  in 

* ! 

the  rate  to  certain  critical  valae  "c  The  naaerical  ratio  between 

- 

velocity  "r  and  the  teaperatare  of  ezperisent  1 was  for  the  first 
tine  establish/installed  by  fitaan  [ 1 ]•  that  showed  that  daring 
dynaaic  testing  steel  speciaen/saaples  is  justified  well  the  law 

■< 

if,=  oe~'r»  (1) 

where  a and  b - constant. 

•- 

We  have  ezanined  the  theoretical  side  of  the  goestion  concerning 
the  reasons  for  the  effect  of  the  rate  cn  the  tendency  of  crystals 
toward  brittle  fracture  [2].  In  this  case  it  was  established  that  the 
critical  speed  of  deforaation  corresponding  to  the  transition  of 
aaterial  to  brittle  state,  aast  be  bonded  with  the  teaperatare  of 
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' -I  % 


(2) 


9 

where  P - brittle  strength*  *,  = r^eSf  - the  ficticious  coefficient  of 
the  duct il it y/toughness/ viscosity  of  aaterial*  0 - the  activation 
energy*  deteraining  the  rate  of  the  process  of  relaxation  in  crystal 
latti.ce. 


Page  179. 


This  relationship/ratio  is  in  good  acccrd  with  eapirical  fornula 
(1).  Ve  will  use  it  for  the  deterainaticn  cf  the  analytical 
dependence  of  ductile- to-br  it  tie  transition  tenperature  7*,  fron  the 
value  of  brittle  strength  F. 


Taking  the  logarithn  of  12)*  at  this  constant  value  of  the 
velocity  of  deforaation  v we  obtain 


7*.= 


A 

\gF-*-B  * 


(3) 


where  i and  B - constant*  whereupon  = fi=lx(vrj-  Fron  fornula  (3) 
it  follows  that  decrease  in  the  strength  of  aatecial  F nust  lead  to 
an  increase  in  its  ductile-to-brittle  transitics  tenperature*  i.e. * 
at  the  beginning  of  brittle  fracture  in  the  range  of  higher 
te aperatures. 
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Expeclaental  research  on  the  conditions  of  the  transition  of 
crystal  bodies  froa  brittle  state  to  plastic  showed,  however,  that 
this  transition  never  occurs  at  the  strictly  defined  value  of 
tesperature,  but  it  is  realiae/accoaplished  in  certain  teaperature 
interval,  naaed  the  transforaation  range  of  brittleness.  The  detailed 
study  of  this  interval  was  for  the  first  tiae  carried  out  by 
Davidenkov,  Titaaa  and  Sakharov  [3]  and  sosewhat  later  by  fitaan  and 
Salitra  [4],  that  studied  the  conditions  of  the  cold  brittleness  of 
steel  spec iaen/saa pies. 

The  existence  of  the  transforaation  range  of  brittleness 
naturally  was  in  this  case  bonded  froa  theses  by  the  fact  that  the 
brittle  strength,  detersining  the  position  of  doctile-to-britt le 
transition  teaperature,  is  not  a constant  value,  but  it  is  changed 
froa  one  speciaen/saaple  to  the  next  as  a result  of  heterogeneous 
structure  of  real  crystal  saterial. 

In  recent  years  in  Davidenkov*s  laboratory  in  the  L.I.P.T.  was 
conducted  systeaatic  research  on  the  character  of  the  effect  of 
different  factors  on  the  transforaation  range  cf  the  brittleness  of 
steel. 


I 
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Id  the  first  pact  of  the  present  report  eece  presented  the 
results  of  the  experiseats  of  fltaan  [5]#  which  showed  that  the 
position  of  the  boandary/interfaces  of  this  iatereal  is  subjected  to 
the  effect  of  the  so-called  "scale*  factor#  whereupon  the  width  of  a 
very  interval  of  brittleness  was  different  for  the  specisen/sa spies 
cf  different  size/disension. 

Investigating  the  foes  of  fracture  of  the  cylindrical  steel 
specisen/sasples  of  different  diasetec  during  deforsation  by  their 
percussive  elongation,  Vitsan  ceveal/detected  that  an  increase  in  the 
diaseter  of  specisen/sasples  is  accospanied  by  the  shift  both  of 
lower  and  upper  boundary  of  an  interval  of  fccittleness  to  the  side  of 
higher  tea peratures.  In  this  case  an  increase  cf  the  diasetec  of 
specisen/sasples  froa  2 tc  10  as  leads  to  an  increase  in  lower 
boundary  of  an  interval  of  by  60®  (froa  -160  to  -100®),  whereas 

upper  boundary  eisaligned  altogether  only  to  IS®  (froa  -100  to 

-85®C).  As  a result  of  this  nonunifors  shift  of  boondary/interfaces 
the  width  of  the  transf orsation  range  of  brittleness  is  decreased 
froa  60  to  15®. 

Rith  as  increase  in  the  size/disensions  of  specisen/saaples 
their  tendency  toward  brittle  fracture  it  begins,  thus,  to  be 
developed  with  ever  nore  and  higher  tea^ecatures,  but  the  teaperature 
range,  in  which  can  be  observed  both  brittle  and  plastic  fora  of 
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fracture,  becoaes  narrow. 


The  tar get /pur pose  of  the  present  report /ccssuaicat ion  is 


theoretical  studies  of  the  reasons  for  a sisilar  character  of  the 


effect  of  scale  factor  on  the  behavior  cf  the  transforsation  range  of 

brittleness  in  light  of  the  developed  bj  os  previously  statistical 
theory  of  the  brittle  strength  of  real  crystals  [6.  7]. 


Page  180. 

COALITATITE  SOLUTION  TO  QOBSTIOH. 

At  the  basis  of  this  theory  lie/rests  the  assuaption  about  the 
fact  that  in  real  crystal  aateiial  are  flaw/defects  of  the  different 

hazard  level,  randoaly  distributed  by  its  volusc,  and  that  for  the 
brittle  fracture  of  each  of  the  specisen/saaplcs  heavy-duty/critical 
is  only  one,  aost  dangerous  of  all  being  present  in  it  flaw/defects. 


Already  sose  these  purely  good-quality  representations  it  proves 
to  be  sufficiently  in  order  to  understand  the  reasons  for  the  effect 
of  scale  factor  on  the  transforsation  range  of  brittleness  and  to 
confirs  that  with  an  increase  in  the  size/diaensions  of  the 
speciaen/saaples: 
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1)  both  boundary/inter  faces  of  this  intectai  Bust  be  sisaligned 
to  the  side  of  high  tes^ecatures. 


I 


> t 
( 


' ! 

I r 


2)  the  shift  of  lower  boandacy  of  an  ioterval  sust  be 
sharper*  rather  than  the  shift  of  upper  boundary  as  a result  of 
which  the  transfer  nation  range  of  brittleness  will  be  narrowed. 


If  the  spread  of  the  values  of  critical  tesperatures*  i.e.*  the 
very  existence  of  the  transf orsation  range  cf  brittleness*  is  caused 
by  the  presence  of  the  scatter  of  the  practical  values  of  brittle 
strength  P within  lisits  fros  certain  />/^  tc  certain  then* 
according  to  (3)*  the  position  of  upper  boundary  of  an  interval 
will  be  detersined  by  the  relationshlp/rat ic 


the  position  of  lower  boundary 
relationship/ratio 


by  the  analogous 


(5) 


On  the  basis  of  the  representation  of  that  which  for  the  brittle 
fracture  of  saterial  heavy-duty/critical  is  only  the  sost  dangerous 
of  all  available  in  this  specisen/sasple  flaws*  it  is  possible  to 
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confira  that  an  increase  in  the  foluae  cf  speciien/saaples  aast 
involve  a fall  in  the  nuaerical  values  both  and  ^^^since  with  an 

increase  in  the  size/diaensions  of  speciaen/saaples  grow/rises 
probability  that  in  each  of  then  will  b«  act  the  flaw/defects,  even 
aore  dangerous,  rather  than  it  is  earlier. 

Pall  and  and,  correspondingly,  shift  ^*** 

side  cf  high  teaperatures  [see  (4)  and  (5)  ] probably  however,  not 
identical,  since  values  theaselves  and  are  deterained  by 

coapletely  different  conditions.  Actually,  it  is  the  brittle 

strength  of  that  of  all  subjected  to  testing  speciaen/saaples  of  the 
given  size/dinension,  in  which  accidentally  located  aost  dangerous  of  ^ 

all  being  present  in  these  speciaen/saiples  flaw/defects.  { 

( 

( 

Pall  Fftiiri  can  therefore  occur  only  in  that  case  if  as  a result  of  ] 
an  increase  in  the.  voluae  of  speciaen/saaples  in  then  appear  the  | 

flaw/defects  coapletely  new,  of  the  worse  "guality",  i.e.,  only  in  j 

i 

such  a case,  when  is  expanded  the  very  "assortnent"  of  the  flaws, 
which  are  contained  in  the  total  the  voluae  of  aaterial  being 
Investigated. 

- 

i 

If  nunber  of  experiaents,  conducted  during  the  deternination  of  , 

the  brittle  strength  of  aaterial,  in  each  individual  case  is  ' 

sufficiently  great,  then  this  expansion  of  the  "assortaeat " of  flaws  j 
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one  should  relate  to  events  little  probable. 

Page  181. 

The  bonded  with  it  shift  of  lower  boundary  of  an  interval  of  the 
possible  values  of  brittle  strength and,  coaseguently,  also  the 
upper  Unit  of  the  transf  ornation  range  of  brittleness  nust  not 
be  therefore  considerable. 

As  concerns  this  value  it  is  brittle  strength  the  strongest 
Bade  of  all  subjected  to  testing  specisen/sasples,  i.e.,  the  strength 
of  that  specisen/saiple , in  which  sost  dangerous  of  all  being  present 
in  it  flaws  turned  out  to  be  less  "dangerous",  rather  than  the  sost 
dangerous  flaws  in  each  of  all  resaining  specisen/sasples. 

Shift  to  the  side  of  the  low  value  of  F is  bonded  therefore 
not  with  the  expansion  of  the  conson/general/tctal  assortsent  of 
flaw/defects  in  all  specisen/sasples,  together  taken,  but  only  with 
the  expansion  of  the  batch  of  flaws  in  each  of  the  specisen/sasples 
individually. 

The  latter  unavoidably  nust,  however,  accospany  an  increase  in 
the  voluse  of  specinens,  even  under  the  condition  of  the 
invariability  of  the  batch  of  flaws  in  an  entire  nass  of  saterial. 


■ :o7  j-WkW 
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Seal*  factor  aust  thecofota  hava  a considccabl|  aoca  noticaabla 
effect  on  shift  /^^^^and«  corcespondinglyv  rather  than  for  shift  ^ 

and  'T/ytx}>,‘ 

These  good*quality  considerations  eonderfully  are  co^fireed  by 
experieental  data  of  Vitaan. 


The  statistical  theory  of  brittle  strength. 


If  for  the  brittle  fracture  of  crystal  bears  responsibility 
"dangerous  itself"  of  all  being  present  in  it  flav/defects*  then  froa 
the  point  of  view  of  deteraining  the  brittle  strength  of  aaterial 
there  is  practical  interest  in  only  the  guestioa  concerning  are  such 
the  paraaeters,  which  characterize  this  aost  dangerous  flaw/defect. 

As  the  paraaeter,  which  characterizes  the  degree  of  the  danger 
of  each  of  the  being  present  in  aaterial  unhoaogeneity^  we  will 
selecc  the  value  of  brittle  strength  P,  which  wculd  possess  the 
speciaen/saaple  if  the  source  of  its  fracture  they  was  this 
unhoaogeneity. 


Si  'll 
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With  the  aid  of  the  very  eleaentaty  considerations  of  theory  of 
probability  it  is  possible  to  show  that  probability  H (F)  dF  that 
that  the  brittle  strength,  which  corresppnds  to  the  aost  dangerous 
flaw/defect,  i.e. , the  strength  of  speciaen/saaple  as  a whole,  will 
turn  out  to  be  that  which  lie  at  an  interval  between  F and  F * dF, 
will  be  deterained  by  the  function 

where  Fo  - the  value  of  brittle  strength,  which  corresponds  to  the 
aost  frequently  being  encountered  flaw/defect,  i.e.,  to  the 
flaw/defect  of  the  "average/aean  hazard  level",  N - the  average 
nuaber  of  flaw/defects,  which  is  necessary  pec  unit  voluae  of 
aaterial,  V > the  voluae  of  speciaen/saaple,  a and  C •>  constant. 

Helationship/ratio  (6)  testifies  froe  that  that  probability  V 
(F)  dF  aeeting  of  one  value  or  the  other  of  the  strength  of 
speciaen/saaple,  deterained  upon  consideration  of  all  nuaerous 
aaterial  defects,  depends  not  only  on  the  value  of  strength  itself  F 
but  also  on  the  voluae  of  speciaen/saaple  of  V. 

It  is  easy  to  show,  further  that  the  aost  probable  strength  F* 
the  group  of  the  speciaen/saaples  of  voluae  of  V,  i.e.,  the  strength 
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Hhlch  is  deterslned  bj  the  condition 

dW 

iF 

also  is  function  of  V.  Kith  an  inccease  in  the  voluse  of 
spec inen/s an pies  of  V it  dioinishs  according  to  the  law 

F*  = F^-  V-^C^.  (7) 

Page  182. 

EFFECT  OF  SCALE  FACTOB  OM  THE  SCATTER  OF  THE  PRACTICAL  VALOBS  OF 
BRITTLE  STRENGTH. 

At  this  constant  value  V dependence  of  probability  H (F)  dF 
■eeting  of  certain  deternined  brittle  strength  F on  value  itself  F 
will  be  depicted  as  the  asyanetric  curve,  given  in  Fig.  1.  On  the 

axis  of  abscissas  is  noted  the  position  of  the  aost  probable  strength 
F*,  and  also  strengths  /‘a,  the  corresponding  to  flaw/defect 
"average/aean  danger". 

After  nanufacturing  the  infinite  raaber  of  ezperiaents  regarding 
the  brittle  strength  of  the  speciaen/saaples  of  certain  specific 
size/diaension,  we  would  be  obtained,  after  all,  all  points  of  the 
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theoretical  curve  of  Fig.  1.  In  actuality,  ue  always  have,  however, 
natter  with  the  finite  nuaber  of  experiaents  and  practical  interest 
for  us  it  represents  only  the  range  of  the  aost  freguantly  being 
encountered  values  of  strength  P,  i. e.,  the  range  of  values  F,  of 
close  to  F*.  The  approzinate  position  of  epper  and  lower  boundaries 
of  this  range  and  is  shown  in  Fig.  1.  Difference  /'.u— /Vi.  = AA' 
is  the  effective  width  of  the  nazinun  of  the  distribution  curve  of 
the  possible  values  of  brittle  strength. 

The  curve,  given  in  Fig.  1,  illustrates  the  behavior  of  function 
V (F)  dF  for  the  speciaen/saaples  of  intended  sizes.  During  a change 
in  the  volune  of  speciaen/saaples  the  range  of  the  procedural! y 
inportant  values  of  strength  F is  aisaligned.  The  relative  attitude 
of  the  curves  of  V (F)  dF,  which  correspond  to  two  different  values 
of  volune  Vi  and  S where  V2  > Tj,  it  is  represented  in  Fig.  2. 

Increase  in  Y will  entail  the  shift  of  the  aost  probable 
strength  F*  to  the  side  snail  F [see  fornula  (7)  ] during  a 
sinultaneous  increase  in  the  probability  of  nesting  F = P*.  The 
latter  aeans  that  an  increase  in  the  volune  of  speciaen/saaples  leads 
to  decrease  in  the  scatter  of  the  values  of  brittle  strength  near  the 
aost  probable  strength  F*. 


With  respect  is  changed  the  positica  of  upper  and  lower 
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boundaries  of  this  range  and  Scheaatically  the  shift  />4^and 
paused  by  a change  in  the  voluae  of  spcciacn/saaples  of  T«  it  is 
noted  in  Pig.  2 under  the  plotted  function  i (f)  dP. 


'^(r.v)cir 
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Page  183. 

Proa  the  figure  follows  that  decrease  in  the  scatter  of  the 
procedurally  iaportant  values  of  brittle  streagth  is  explained  by  the 
preferred  displaceaent/aoveaent  of  upper  boundary  the  range  of 
the  naxiauB  of  the  distribution  curve  of  the  possible  valaes  of  F in 
guestion. 


The  analytical  dependence  and  on  the  voluae  of 
speciaen/saaples  of  V can  be  found  on  the  basis  of  the  following 


siaple  considerations. 

If  we  define  and /^/ti  as  upper  and,  correspondingly,  lower 
the  boundary  of  the  region,  in  which  are  included  the  aost  frequently 
being  encountered  in  practice  values  of  brittle  strength  P,  then  this 
Beans  that  the  probability  of  the  aeeting  of  values  P,  exceeding 
but  it  is  equal  also  values  F less  is  snail. 

He  will  assuae  in  connection  with  this: 

, f W{F)dF^^,  I W(F)dF=-,  • (8) 

« 

where  y « 1. 

These  relationship/ratios  will  give  us  possibility  to 
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Solving  eguations  (9)  relatively  and ve  find 


where 


N 


(10) 


1 


of  relationship/ratios  (10)  in  accordance  with  the  developed 
above  good-guality  considerations  it  follows  that  an  increase  in  the 

volnae  of  speciaen/saaples  of  7 will  entail  fall  both^,^  and  p^xK’ 


l1 
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change  in  V differently  affects  position  and causi ng  the 
relatively  sharper  shift  of  upper  boundary  investigated  by  us  the 
range  of  the  practical  values  cf  brittle  strength. 

*1 

The  effective  width  of  the  laxieun  of  the  distribution  curve  of 
the  possible  values  of  brittle  strength  AF  will  be  detereined  by  the 
expression : 

— Fmi,  = \g  • (11) 

Fron  (11)  it  is  obvious  that  an  increase  in  the  size/di aen si on s of 
speciaen/saaples  is  accoipanied  by  decrease  in  the  scatter  of  the 

practical  values  of  brittle  strength  F near  its  eost  probable  value 
F*. 

Page  184. 

5. 

THE  INPLOEHCE  OP  THE  SCALE  FACTOR  OH  THE  CRITICAL  RANGE  OP 
ERITTLEHESS 

After  using  establish/installed  by  us  ratics  (4)  and  (5)  between 
the  boundary/interfaces  cf  the  transforaaticn  range  of  brittleness 
*od  on  one  hand,  and  by  the  boundaries  of  the  region  of  the  eost 
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frequently  being  encountered  values  of  brittle  strength and^^^^- 
«ith  another,  we  we  can  now  find  the  nuserical  ratios,  which 

detersine  the  dependence  of  the  position  of  the  boundary/inter faces 
of  the  transfer sat ion  range  of  brittleness  frci  the  size/d iaensiofs 
of  speciaen/saaples. 

Substituting  in  (5)  found  by  us  above  appedziaate  value  /^^.xand, 
correspondingly,  in  (4)  value  we  oltain 


r.,.= 


i«irp 


(12) 


TmA*  i 


where  constant  a it  is  detecained  by  foraula  (10),  but  constants  A 
and  b sake  following  sense  [see  (2)  and  (3)  ]: 

A = 6 = — lr(2a/’,»%).  (13) 

The  width  of  the  transf oraation  range  of  brittleness  AT  is  equal  to 
respectively 


Ar= 


— 7’*in=  A 


1 

1 

(14) 
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Proa  celationship/ratics  (12)  it  follohs  that  an  increase  in  the 
volute  of  speciaen/saaples  of  V oust  be  accoapanied  by  shift^^^  andZ<)i 
to  the  side  of  high  teaperatures.  A change  in  the  size/diaeosioos  of 
speciaen/saaples  ("scale  factor")  Mill  in  this  case  have  a preferred 
effect  on  the  position  of  lower  boundary  of  the  transforaation  range 

of  brittleness  (recall  that  the  factor  i,  entering  the 

deterninat ionT^^  is  such  less  than  the  unit),  the  transforaation 

range  of  brittleness  (14)  with  an  increase  in  the  size/diaensions  of 
speciaen/saaples  will  as  a result  becoae  narrow. 

All  these  conclusions  are  in  f ull/total/conplete  accord  with  the 
given  in  the  first  part  of  the  report  experiaeotal  data  on  the 
tendency  of  steel  speciaen/saaples  toward  brittle  fracture,  which 
testifies  as  it  seeas  to  us,  in  favor  cf  the  developed  above 
representations  of  the  statistical  nature  of  "scale"  effect. 
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